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Abstract 
Relationships between Land Cover and Infiltration Rates in Urban Landscapes 
Bita Alizadehtazi 
Franco Montalto, Supervisor, Ph.D. 
 
 
 
Infiltration capacity has a critical impact on runoff models and low impact development 
stormwater controls. Therefore, the quantification of infiltration rates achieved by 
stormwater control technologies in urban areas is an important task in determining the 
possibility of making predictions about infiltration rates based on land use type. In this 
study a total of 140 trials of infiltration measurements were conducted using a Cornell 
Sprinkle Infiltrometer at 40 sites distributed between New York City and Philadelphia on 
different types of stormwater control technologies, permeable urban surfaces, such as 
porous rubberized safety materials, porous asphalt, porous concrete, vegetated courtyard, 
tree pits, bioretention facilities, urban parks, porous pavers, and backyards to assess 
whether statistically significant differences are present between them. The results of the 
Kruskal-Wallis test showed that there was a highly significant difference (p<0.01) in 
infiltration capacity of different types of permeable urban surfaces. Moreover, there was 
highly significant difference between tree pit sites (Kruskal-Wallis, p <0.01). The results 
also revealed a significant difference between individual tree pits without guards but no 
significant difference among tree pits with guards. A correlation analysis indicated no 
significant relationships between measured infiltration rates and specific independent 
variables (bulk density, antecedent dry period, initial soil moisture content) (Spearman's 
 x 
r. bulk density -0.2 p=0.183, initial soil moisture content-0.189 p=0.209, and antecedent 
dry hours 0.06 p=0.489). Three different groupings are evident when the ranges 
corresponding to 95% confidence interval about the median infiltration rate measured for 
each permeable urban surface category are compared. Porous concrete has the highest 
infiltration performance among different permeable urban surfaces. 
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1. Introduction 
Urbanization causes profound changes in the hydrology of developed 
watersheds, specifically by reducing aerial infiltration capacity. Because they are nearly 
impervious, commonly occurring urban land surfaces such as rooftops, asphaltic and 
concrete pavements, and compacted soils yield rates and volumes of runoff that exceed 
those of undeveloped land subjected to the same precipitation forcing (USDA 1986; 
USEPA 2010). Increased runoff conveys elevated sediment, heavy metals, and other 
pollutant loads into downstream water bodies, contributes to downstream flooding, and 
can also increase erosion (Whipple, Dilouie et al. 1981; Brattebo and Booth 2003; 
USEPA 2010).  
Soil structure is determined by how individual soil particles are arranged and 
grouped together (e.g. sand, silt, clay, organic matter) into porous compounds called 
aggregates. As precipitation falls towards the earth’s surface, it strikes objects on its way 
to the ground (e.g. vegetation, litter, rocks) or falls directly on bare soil. The 
characteristics of the incident precipitation determine the extent to which soil particles are 
dispersed from their original position and broken into smaller aggregates after raindrop 
impact (Fig. 1). Splashed soil particles clog surface pores and form a crust by increasing 
the coherence when the soil dries (Hillel 1998; Francis, Fey et al. 2007; Orradottir, 
Archer et al. 2008). Crust formation reduces infiltration, increases runoff, and can also 
cause soil erosion. The erosive power of rainfall is associated with the kinetic energy (E) 
of a raindrop which is a function of raindrop size and its terminal velocity as shown by 
the following equation: 
 2 
E= ½ mV
2 
where m is the mass of raindrop (g), and V is the velocity of fall (cm/s). By the 
summation of E values from individual raindrops, the total kinetic energy of storms can 
be estimated (Hillel 1998; Blanco and Lal 2008). 
The major factors causing soil erosion can be divided as follows: 
 Energy factors: rainfall erosivity (determined by the rain drop size, rainfall intensity and 
frequency), runoff volume and velocity, wind strength, slope length and angle.  
 Resistance factors: soil erodibility, infiltration capacity and soil management.  
 Protection factors: population density, plant cover, and land management (Lujan 2003). 
 
 
 
 
Fig.  1. Shows the impact of a raindrop on an erodible soil surface (Hillel 1998). 
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 Plant canopies and litter intercept raindrops, dissipating some of the kinetic 
energy associated with the rainfall. In this way, vegetation cover plays an important role 
in landscape evolution, directly increasing surface resistance to wash erosion, reducing 
the effectiveness of runoff shear stress detachment, and providing extra cohesion to soil 
either by its roots or indirectly by altering the rates of infiltration, runoff, and 
evapotranspiration that occur (Tucker 1999).  
 In addition and along with various burrowing activities, vegetation root channels 
create bioturbation macropores, generating preferential flow paths and mixing up the soil 
matrix (Gabet and Seabloom 2003). Macropores can also increase the surface porosity 
and infiltration of water into the soil adjacent to pore walls and promote aeration of the 
soil (Gabet and Seabloom 2003). Mitchell et al. (1995) found that infiltration rates have 
been shown to increase where plant roots decay and serve as a preferential flow path. The 
soil beneath vegetated patches receives much larger organic matter input in the form of 
plant debris compared to bare soil, helping to maintain a more active and complex soil 
biotic system to transform this organic matter into organic compounds (Puigdefábregas 
2005). This biological activity and its products are associated with building stable soil 
aggregates that influence soil structure and lead to increased water storage capacity, 
saturated conductivity and decreased soil erodibility.  
 Contemporary urban stormwater management increasingly includes efforts to 
enhance and/or construct new “permeable” surfaces throughout urbanized watersheds. 
Referred to commonly and collectively as “green infrastructure” (GI), such strategies 
seek to reduce the likelihood of runoff generation, namely by modifying two hydrologic 
processes: precipitation excess (runoff generated when the rate of application of rainfall 
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exceeds the infiltration capacity of the land cover), and saturation overland flow (runoff 
generated when rainfall is applied to already saturated and therefore impervious soils). 
Though GI is now a central component of many urban stormwater management plans 
(e.g. Philadelphia, PA; New York, NY; and Syracuse, NY) few studies have sought to 
quantify the as-built infiltration capacity of new urban green spaces, nor attempted to 
compare their hydrologic performance to that of remnant urban green spaces such as 
parks and mature tree pits. A number of researchers have documented the infiltration 
capacity of permeable pavements (Booth and Leavitt 1999; Booth and Brattebo 2004; 
Montes and Haselbach 2006; Valavala, Montes et al. 2006), and have found principally 
that such surfaces can completely eliminate runoff under a range of rainfall, underlying 
soil, and maintenance conditions. Recently, the USEPA (2010) presented the results of 
six months of infiltration testing on experimental porous concrete, porous asphalt, and 
interlocking pavers. No attempts to extend these field studies to other forms of GI have 
been attempted.  
 The goals of this study are thus a) to explore whether there are statistically 
significant differences in the infiltration capacity of different types of “permeable” urban 
surfaces, and b) to assess the strength of soil bulk density, volumetric soil moisture, and 
antecedent dry period, as predictors of infiltration capacity, c) to assess grouping of 
permeable urban surfaces that exist based on their infiltration capacity.  
 We focus on ten different types of new and existing “permeable” surfaces: 
vegetated courtyards, backyards, urban parks, tree pits with and without guards, porous 
pavers, porous concrete, porous asphalt, porous rubberized safety materials, and 
bioretention facilities, due principally to their use in GI programs.  
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2. Materials and Methods 
 
The methods include infiltration measurements conducted using a Cornell 
Sprinkle Infiltrometer (Fig. 2), and various statistical analyses of the results. The field 
work was performed over a three year period (2008-2011) at 40 sites distributed between 
New York City and Philadelphia (Fig. 3, 4). We focused on this geographic region 
because GI is now a formal component of the stormwater management plans in these two 
cities (PWD 2009, NYCDEP 2010). The Cornell Sprinkle Infiltrometer simulates natural 
rainfall over a single 241 mm diameter circular area that is hydrologically isolated from 
the surrounding area by a metal ring from which “runoff” can escape through only one 
hole fitted with an outflow tube. Rainfall is simulated from an above ground reservoir, 
the bottom of which is perforated by capillary tubes positioned on center. By controlling 
the rate at which air is permitted to enter the reservoir, a clamp on a “bubble tube” is used 
to adjust the simulated rainfall rate. Because simulated precipitation is applied until 
runoff is generated, the test actually measures the soil’s infiltration capacity as the 
difference between the rainfall and runoff rates. Although the rate of infiltration is 
actually dependent on the relative magnitude of the application rate relative to the soil’s 
capacity, in this paper we are discussing the rate that water would infiltrate at its 
maximum capacity and thus use the two terms interchangeably. When performed with 
rings greater than 150 mm, this method is reported to yield consistent results from site to 
site (Sauer, Logsdon et al. 2005; Chowdary, Rao et al. 2006). 
 The experimental procedure is as follows. After clearing the area of mulch, 
debris, rocks and any other uncharacteristic items, the metal ring is positioned so that the 
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outflow tube points down gradient and is out of direct sunlight. The ring is then driven 
into the surface until the invert of the outlet tube is at ground level. The discharge end of 
this tube is placed in a graduated beaker positioned further down gradient (in a small hole 
if necessary). The reservoir is placed on a tripod above the ring and filled with water with 
the clamp on the bubble tube initially closed. The clamp is then opened and rainfall 
allowed to proceed until runoff begins (e.g. flow is observed in the outlet tube). At this 
point, the clamp is again adjusted until a rainfall rate is established at which the rate of 
runoff is constant. Rainfall rates are estimated by recording the change in water level in 
the reservoir (every 5-10 minutes before runoff is generated, and every 3-5 minutes 
thereafter); runoff rates are estimated by recording the water level changes in the 
graduated beaker at the discharge end of the tube connected to the metal ring (also every 
3-5 minutes). The experiment ends when a rainfall rate is identified at which runoff is 
constant over four consecutive observations (e.g. over about a 15 minute period). The 
temporally variable infiltration rate, (which theoretically converges to the infiltration 
capacity of the surface inside the ring) is the differences between the rainfall and runoff 
rates at each time step.  
A total of 140 trials of the test were performed, though not distributed equally 
over the ten different permeable urban surfaces due to challenges associated with site 
access. A total of five (5) trials were performed in vegetated courtyards (VC), four (4) in 
backyards (BY), five (5) in urban parks (UP), eighteen (18) in tree pits without guards 
(TP), twenty (20) in tree pits with guards (TPW), five (5) on porous pavers (PP), five (5) 
on porous rubberized safety materials (PRSM), sixteen (16) on porous asphalt (PA), five 
(5) on porous concrete (PC), and fifty (50) in bioretention facilities (BF). Figure 5 is a 
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map indicating the number of trials performed at each of the testing locations. Soil 
samples were collected prior to each trial performed at the bioretention facilities, tree pits 
with and without guards and urban park sites for determination of the bulk density and 
volumetric moisture content at the beginning of the test per the gravimetric method 
(ASTM D2216-92). The duration of the dry period antecedent to each trial was derived 
from the nearest rain gage for which hourly data was available from the National Weather 
Service. The continuous rainfall record was first discretized into storms using four 
consecutive hours of no rainfall to delimit the beginning and end of all storms. The 
antecedent dry period was defined as the number of hours that had elapsed since the end 
of the last storm that exceeded 1 cm in total rain. This depth was selected so as not to 
consider storms that would have been completely retained in either canopy interception 
or depression storage on an “average” pervious urban surface (a surface characterized by 
a curve number of 82 “urban park”) and the beginning of the trial.  
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Fig.  2. Cornel Sprinkle Infiltrometer. 
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Fig.  3. Photographs of conventional green spaces:  (a) vegetated courtyard; (b) backyard; 
(c) urban park; (d) tree pits without guards and (e) tree pits with guards. 
 
 
 
 
 Courtesy of Kimberly DiGiovanni 
Courtesy of Kimberly DiGiovanni 
 
 Courtesy of Tatiana Morin 
Courtesy of Tatiana Morin 
A B 
C 
D 
E 
 10 
 
 
 
 
 
 
 
 
 
 
Fig.  4. Photographs of green infrastructure sites:  (a) porous Pavers; (b) porous 
rubberized safety materials; (c) porous asphalt; (d) porous concrete and (e) bioretention. 
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Fig.  5. Map of testing locations. 
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2.1. Statistical Analyses Methods 
 
The overarching hypothesis is that surface type is more significant than other 
factors in determining infiltration capacity. Statistical analyses using IBM SPSS 
Statistics, Version 19 with significant levels set to 95 % (α=0.05) were used to test six 
very specific sub-hypotheses: 
 
H1) the infiltration rates of different types of permeable urban surfaces are 
significantly different from surface to surface. 
IVC≠ IBY≠ IUP≠ ITP≠ ITPV≠ IPP≠ IPRSM≠ IPA≠ IPC≠ IBF  
 
H2) the infiltration rates of individual bioretention sites are not significantly 
different from one another.  
(e.g. IBF1= I BF2= I BF50) 
 
H3) the infiltration rates of individual tree pits (ITreepits) sites are not significantly 
different from one another.  
(e.g. ITreepits1= I Treepits2 =I Treepits8) 
H3-1) the infiltration rates of tree pits without guards are not statistically 
equivalent to one another. 
I TP1≠ I TP2≠ I TP3≠ I TP4≠ I TP5 
H3-2) the infiltration rates of tree pits with guards are statistically equivalent to 
one another. 
I TPW1≠ I TPW2≠ I TPW3 
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H4) specific independent variables, (bulk density, antecedent dry period, initial 
soil moisture content) can be correlated with measured infiltration capacity.  
 
H5) comparison of the median infiltration rate range defined by the 95% 
confidence intervals (CIs) in the observations yields distinctly different groupings of 
permeable urban surfaces.  
 
H6) the median infiltration capacity of the permeable surfaces tested is 
significantly greater than the median rainfall intensity across the region in which the tests 
were performed. 
Sample sizes for this study were generally small and, as mentioned previously, not 
equal due to difficulties in gaining access to the different sites. Quantile-Quantile (Q-Q) 
plots were used to visualize the distribution of the data that was collected at permeable 
urban surfaces. A Q-Q plot is a graphical method commonly used to assess the normality 
of data by comparing the actual distribution of observed data to corresponding quantiles 
from the standard normal distribution. If the data are approximately normal the plotted 
points will fall near the straight line. Other researchers (USEPA 2010) used analysis of 
variance (ANOVA) to analyze infiltration tests. In our case, because the infiltration rates 
measured at permeable urban surfaces were found not to be normally distributed, 
nonparametric tests (Kruskal-Wallis) were used instead to compare the measured 
infiltration rates. Spearman’s rank correlation coefficients (r) and statistical significances 
were used to determine if there are any significant relationships between independent 
variables and measured infiltration capacity. The value of r may range from -1 to 1, 
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where -1 and 1 indicates strong negative and positive relationships respectively. A 
correlation greater than 0.8 is generally defined as strong, whereas a correlation less than 
0.5 is generally described as weak. Ninety-five percent confidence intervals of the 
median infiltration capacity measured at different permeable urban surfaces were 
conducted to describe how many groups of surfaces exist.  
To test Hypothesis 6, 15-minute historical precipitation data were obtained from 
National Climate Data Center (NCDC) database for several local sites (Table 1). 
 
 
Table 1. Description of NOAA- NCDC gaging stations used to survey distribution of 15 
minute precipitation intensity in the study region. 
Station name ID Latitude Longitude Elevation 
Period of 
Observations 
Cape May 2 NW, NJ 281351 38.95361 -74.93583 20 1971-2011 
Carmel, NY 301207 41.43333 -73.68333 530 1971-1995 
Boonton 1 SE, NJ 280907 40.9 -74.4 280 1980-1998 
Amherst,  MA 190120 42.38611 -72.5375 142 1979-2005 
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2.2. Methodology for Selecting Infiltration Rates from Experimental Data 
 When precipitation intensity exceeds infiltration capacity, the theoretical rate of 
actual infiltration is expected to decrease in time (Horton 1939) and with cumulative 
infiltrated amount (e.g. per Green Ampt assumption). Because neither pattern was 
detected consistently in our field measurements, two different approaches were used to 
select discreet infiltration rate values for the statistical analysis: (i) for trials during which 
a steady state condition was established the infiltration capacity was set at the steady state 
value (Fig. 6A), (ii) for trials during which no steady state was observed, all 
instantaneous infiltration rates measured during the trial were averaged to derive a mean 
trial rate (Fig. 6B). 
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Fig.  6. Infiltration rate of (a) bioretention and (b) porous asphalt.  
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3. Results 
 
The mean, standard deviation, and median infiltration capacity for the different 
permeable urban surface types are presented in Table 2. The distribution of infiltration 
rates measured at each surface type is represented in the box plots shown in Fig. 7. In 
addition, all of the permeable surfaces are considered as two categories; “engineered 
permeable surfaces” and “vegetated permeable surfaces”, which are shown in Fig.8. The 
measurements made at each urban surface type were not normally distributed, as 
graphically illustrated by the q-q plots (Fig. 9). As mentioned previously, non-parametric 
statistics were consequently deemed more appropriate for the remainder of this analysis. 
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Fig.  7. Box plot showing infiltration rates versus different treatments, as determined by 
Cornell sprinkle infiltrometer. 
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Fig.  8. Box plot showing the distribution of infiltration rates versus “engineered 
permeable” and “vegetated permeable” surfaces. 
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Fig.  9. Q-Q plots of data showing that data were not normally distributed. 
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Table 2. Summary of the measured infiltration rates over all trials performed at each 
surface type. 
 
 
Total 
# of 
Tests 
Infiltration Rates (cm/min) 
 
Avg. SD CV Min Max Median 
Vegetated Courtyards  5 0.22 0.099 0.45 0.14 0.39 0.21 
Urban Parks  5 0.06 0.016 0.27 0.05 0.08 0.06 
Tree Pits (without 
guards)  20 0.08 0.069 0.86 0.01 0.23 0.06 
Tree Pits (with guards)  18 0.27 0.066 0.24 0.15 0.38 0.27 
Porous Rubberized 
Safety Materials  11 0.43 0.274 0.64 0.00 0.76 0.53 
Porous Asphalts  16 0.15 0.133 0.89 0.00 0.34 0.10 
Porous Concretes  5 0.68 0.088 0.13 0.58 0.75 0.73 
Porous Pavers  5 0.14 0.028 0.20 0.10 0.16 0.15 
Backyards  4 0.23 0.082 0.36 0.15 0.34 0.22 
Bioretention Facilities  50 0.19 0.126 0.66 0.01 0.45 0.21 
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3.1. Hypothesis #1, #2, #3, #3-1, and #3-2 Results 
The statistical significant levels (p-values) of the Kruskal-Wallis test, for H1, H2, 
H3, H3-1, and H3-2 are reported in Table 3. The Kruskal–Wallis test ranks all of the 
infiltration measurements from lowest to highest and then computes the mean rank for all 
trials performed in a specific permeable urban surface category. In our case, the higher 
the mean rank indicates the higher the mean infiltration capacity of a particular surface 
type. Figure 10 graphically presents the Kruskal-Wallis results for the ten different 
treatments. The Kruskal–Wallis results for H1 showed that there was a highly significant 
difference between the different treatments (Kruskal-Wallis, p < 0.01) with the lowest 
mean rank of 32.6 associated with urban parks,  and  the highest mean  rank (135.6) for 
porous concrete. The infiltration rates of individual bioretention sites were not 
significantly different from one another (p=0.076). The results of H3 (Kruskal-Wallis, p 
< 0.01) indicated that there was a highly significant difference between tree pits sites. In 
order to assess whether or not the differences are due to guards, tree pits without guard 
and with guards were tested as separate groups. The results of H3-1 (Kruskal-Wallis, p 
=0.035) and H3-2 (Kruskal-Wallis, p = 0.372) showed that there was significant 
difference between individual tree pits without guards but no significance difference 
observed between tree pits with guards sites.  
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Fig.  10. Column chart depicting the mean rank for each of the treatments. 
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Table 3. Results of testing H1, H2, and H3 with the significance level of 0.05.         
0.05<p <0.1 marginally significant, 0.01<p <0.05 modestly significant, and p <0.01 
highly significant. 
 
 
 
 
 
 
 
 
3.2. Hypothesis #4 Results 
No significant relationships relating the infiltration rates to the bulk density, initial 
soil moisture content, and antecedent dry hours were found (Table 4 and Fig. 11) 
(Spearman's r. bulk density -0.2 p=0.183, initial soil moisture content-0.189 p=0.209, and 
antecedent dry hours 0.06 p=0.489). 
 
 
 
 
 
 
 
 
Hypothesis Test Decision Significance 
H1 Kruskal-Wallis Reject p << 0.01 
H2 Kruskal-Wallis Accept p = 0.076 
H3 Kruskal-Wallis Reject p <<0.01 
H3-1 Kruskal-Wallis Reject P=0.035 
H3-2 Kruskal-Wallis Accept P=0.372 
 27 
       
 
                                              
 
 
 
 
 
 
 
Fig.  11. Scatter plots showing there is no relationship between specific characteristics 
(antecedent dry period (a), bulk density (b), initial moisture content(c)) and infiltration 
rates.  
 
Table 4. Spearman’s Rho correlation coefficient, >0.8 strong, 0.5 to 0.8 moderate, <0.5 
weak . 
 
 
 
 
 
Initial Soil 
Moisture Content 
Bulk 
Density 
Antecedent 
Dry Hours 
Spearman's rho 
r -0.189 -0.200 0.060 
Sig. 0.209 0.183 0.489 
 C 
A B 
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3.3. Hypothesis #5 Results 
            Figure 12 depicts the 95% confidence interval (CI) about the median infiltration 
rate measured in each permeable urban surface category. Overlap in the CIs was used to 
define three roughly different groups of surfaces, and some surfaces cannot be uniquely 
assigned to a group because of high variability. These groups are qualitatively described 
as follows: 
I. Surfaces with the lowest infiltration performance (significantly below 0.2 cm/min). 
II.Surfaces with the middle infiltration performance (range of 0.1 to 0.4 cm/min). 
III.Surface with the highest infiltration performance (significantly above 0.5 cm/min). 
 
 
 
 
Fig.  12. Grouping different treatments based on 95% confidence intervals of their 
median infiltration rates. The dashed line depicts the median 15 minute rainfall intensity 
for the study region. 
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3.4. Hypothesis #6 Results 
Figure 13 depicts the minimum, median, and maximum 15 minute precipitation 
intensity as measured at the gaging stations listed in Table 1. In all cases, the minimum 
recorded precipitation intensity at all stations corresponded to the detection limit of the 
rain gages (0.169 cm/min). Though the maximum 15 minute intensity varied somewhat 
from site to site, because the rainfall record was skewed towards more frequent smaller 
intensities, the median precipitation rate was identical across the region, and was also 
close to the detection limit of the gages. To test hypothesis #6, this median precipitation 
intensity is also superimposed on Fig. 12 using a dashed horizontal line. Of the ten 
permeable urban surface types, the median infiltration capacities of half were higher than 
the regional median 15 minute precipitation intensity. The entire 95% confidence interval 
space of only two of the site types lay entirely above the precipitation intensity. 
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Fig.  13. Depicts the minimum, median, and maximum 15 minute precipitation intensity 
as measured at four regional gaging stations. 
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4. Discussion and Conclusions 
 
This study compares differences in the infiltration capacity of different types of 
permeable urban surfaces. As presented above, there was a highly significant difference 
in infiltration rates when comparing surface to surface which is in agreement with other 
studies (Diamond and Shanley 2003; Osuji, Okon et al. 2010; USEPA 2010).  
There was more variability in the measured infiltration capacity of the engineered 
permeable urban surfaces (e.g. permeable pavements) than among the vegetated 
permeable urban surfaces. As an example and because of the high number of infiltration 
tests we were able to perform at bioretetion sites (50 trials at 16 locations,) we highlight 
the fact that the infiltration rates of individual bioretention sites were not significantly 
different from one another. 
Although ostensibly one might expect that installation guidelines might standardize how 
specific engineered permeable surfaces are to be built and therefore also how they 
perform, this research suggests that possibly by maintaining macropores and protecting 
soils, vegetated permeable surfaces displayed a more uniform level of performance. 
Asgedom and Hasegawa (2005) examined the effect of raindrop impact on crust 
formation on two types of soil. They adjusted the height of rainfall simulator in their 
testing to 170 and 18 cm in order to detect raindrop impact and no-raindrop impact 
respectively. Their results suggest that rain drop energy has a great impact on formation 
of surface crusting, with infiltration rates decreasing with time as a result of greater 
raindrop impact. Vegetation plays an important role in protecting the soil from the impact 
of raindrops, as well as by maintaining the soil porosity via root channels. Deposition of 
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vegetation organic matter also enhances soil aggregation, and provides a good habitat for 
soil biota, faunal activity increases macro-porosity that enhances infiltration rates. 
Although the relationship between the presence of vegetation and infiltration rate appears 
self-evident, the importance of plant types on infiltration rates is often overlooked. 
Hallock et al. (2009) established that vegetation is an effective approach for control of 
erosion as well as volume and quality, but did not attempt to compare different plant 
types. 
Our inability to detect a relationship between specific independent variables (bulk 
density, initial soil moisture content, antecedent dry hours) and infiltration capacity also 
mirrors the findings of others.  Diamond and Shanely, Gregory et al. (2003) and Sauer et 
al. (2005) both reported no a strong relationship between the measured infiltration rates 
and soil properties such as bulk density. Diamond and Shanley, Gregory et al. (2005) also 
were unable to detect a relationship between steady state infiltration rates and initial 
moisture content. 
This study demonstrated that, as defined by the 95% confidence interval of the 
median infiltration rate, three roughly different groups of permeable urban surfaces can 
be defined: 
 
I. Urban parks and tree pits without guards have the lowest infiltration performance.  
II. Tree pits with guards, porous pavers, backyards, bioretention facilities have moderate 
infiltration performance.  
III. Porous concrete has the highest infiltration performance with the smallest coefficient of 
variation (CV= %13).  
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Ninety-five percent confidence intervals of the median infiltration compared to 
the median intensity of regional 15 minute precipitation intensity revealed that the 
median infiltration capacity of VC, TP, PC, PV, PRSM, BF, and backyards are greater 
than the median rainfall intensity across the region. Tree pits with guards and porous 
concrete lay entirely above the precipitation intensity. 
 Another interesting finding of this study is that tree pits with guards have higher 
average and median infiltration rates than tree pits without guards. Additionally, we 
found that infiltration rates of tree pits without guards are not statistically equivalent to 
one another, while the infiltration rates of tree pits with guards are statistically equivalent. 
The implication of this finding is that the guards protect the infiltration capacity of the 
soil. Without the guards, ambient factors associated with the frequency with which the 
soil is compacted by foot or vehicle traffic, or enhanced by digging or hoeing, can either 
decrease or increase the infiltration capacity.  
  
The next step of this study will be to address the evolution of soil infiltration 
properties as a function of plant canopy to determine how infiltration varies through 
different species palates. A second matter that will be addressed is to assess how much 
bioturbation by plant roots sustains infiltration capacity compared to bare patches of the 
same soil (i.e. the impact of raindrops on crust formation). These findings are significant 
from a management perspective to understand linkages to how GI is designed, built and 
managed regarding the types of plants, plant spacing and plant growth. 
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